Abstract
Introduction

56
With rapid economic growth in the past three decades, the consumption of energy in 57 China increased dramatically (Zhang and Cheng, 2009; Guan et al., 2018; Shan et al., 2018) . 58 Fossil fuels dominate total energy consumption, with coal still accounting for more than 50% of 59 the carbon dioxide (CO 2 ) emissions in China (Shan et al., 2018) . This drastic increase in fossil 60 fuel energy consumption is accompanied with deterioration of air quality (Chan and Yao, 2008;  61 Fang et al., 2009) , posing a threat to public health (Tie et al., 2009; Kan et al., 2012; Chen et al., 62 2013; Lelieveld et al., 2015) . Particulate matter (PM) pollution, especially PM 2.5 in the North 63 China Plain (NCP), drew public concern and governmental actions (He et al., 2001; Ye et al., 64 2003; Wang et al., 2005; Sun et al., 2006; Yang et al., 2011; Zhang et al., 2012; ARIAs research flights and the A 2 BC surface observations provide a comprehensive dataset to 118 thoroughly study the tropospheric ozone pollution and emissions of its precursors in China.
119
In this study, we evaluate anthropogenic emissions and the ozone pollution in the NCP 120 using a combination of aircraft measurements, surface monitoring data, satellite observations, observations and discuss the future ozone pollution in China.
analyzer (Model 49C, Thermo Environmental Instruments, TEI, Franklin, Massachusetts) 149 (Taubman et al., 2006) . NO 2 was measured using a modified commercially available cavity ring-150 down spectroscopy (CRDS) detector (Castellanos et al., 2009; Brent et al., 2013) . Concentrations 151 of CO and CO 2 were monitored with a 4-channel Picarro CRDS instrument (Model G2401-m, 152 Picarro Inc., Santa Clara, CA), calibrated with CO/CO 2 standards certified at the National
153
Institute of Standards and Technology (Ren et al., 2018) . All the instruments were routinely 154 serviced, calibrated and used for airborne measurements in the United States and China 155 (Taubman et al., 2006; Dickerson et al., 2007; Hains et al., 2008; He et al., 2012; He et al., 2014;  156 Ren et al., 2018; Salmon et al., 2018) . Measurements of ambient air pollutants were made at 1
Satellite products
174
To evaluate the emissions and atmospheric chemistry in the NCP and greater East Asia, 175 we used satellite observations of CO, NO 2 , and HCHO for May and June 2016. The
176
Measurements of Pollution In the Troposphere (MOPITT) instrument onboard the NASA Terra 177 satellite retrieved CO column contents with ~10:30 am local overpass time (Deeter et al., 2003) . 178 We used the latest version 7 MOPITT Level 3 daily gridded average products (1° × 1° spatial products were used in this study (Chance, 2007; González Abad et al., 2015) . 
Evaluation of emissions inventory in the NCP
295
The EDGAR v4.2 emission inventory in East Asia was created based on the 2010 MIX 296 emission inventory (Li et al., 2017a) , so substantial changes were anticipated when used for the products de Foy et al., 2015; Qu et al., 2017) , and VOCs emissions using VOCs emissions in north China (Zhao et al., 2017) . CMAQ has good agreement with OMI 362 HCHO within the aircraft campaign area (<20% underestimation), but substantially 363 underestimates HCHO columns in south China where biogenic VOCs dominate (Fig. 7b) . The
364
MOPPIT products show high near-surface CO concentrations over the eastern China (Fig. 7c) (Duncan et al., 2010; Mazzuca et al., 2016; Ring et al., 2018 surface O 3 and CO ( Fig. 10a and 10b ). For instance, the maximum CO concentration from CMAQ simulations are ~1700 ppbv while surface observations have CO peaks higher than 6000 428 ppbv (Fig. 10b) . The adjustments of the emission inventory have improved the model 429 simulations of NO 2 /NO ( Fig. 10c and 10d ) and HCHO (Fig. 10e) emissions is essential to control ozone on the regional scale, but our model simulations indicated 476 that reducing VOCs emissions can lower the rate of photochemical smog production. , 8, 7297-7316, 10.5194/acp-8-7297-2008, 2008. , 13, 4631-4644, 10.5194/acp-13-4631-2013, 2013b. 
